1. Introduction
===============

Alveolar soft part sarcoma (ASPS) is a very rare sarcoma which accounts for 0.4% to 1% of all soft tissue sarcomas and typically occurs in adolescent and younger adult patients.^\[[@R1]\]^ The tumors are found mainly in the deep tissues of the thighs, buttocks, and the abdominal wall, and in the head and neck region, mediastinum, and mammary gland. It is histologically characterized by a pseudoalveolar or organoid arrangement of cells and numerous delicate endothelial-lined vascular channels and septa. Although ASPS resembles a wide variety of neoplastic conditions, such as metastatic renal cell carcinoma, paraganglioma, granular cell tumor, and melanoma,^\[[@R2]\]^ the tumor specific chromosomal translocation der (17) t(X;17) (p11;q25), which causes the fusion of the transcription factor TEF3 located on Xp11.22 with a novel gene at 17q25, named ASPL is diagnostic for ASPS.^\[[@R3],[@R4]\]^ Chimeric transcription factor caused by the translocation drives the overexpression of genes involved in angiogenesis and metastasis.

Despite its indolent behavior, ASPS has high potential for metastasis to the lungs, bone, liver, soft tissue, and brain. Only curative resection leads to a relatively better prognosis, whereas in cases where this is not possible prognosis is often poor, with a median survival of around 40 months.^\[[@R5]\]^ Given the known resistance to conventional chemotherapy and radiotherapy, new therapeutic options are strongly needed for advanced ASPS.

Recently, a potential therapeutic effect of molecularly targeted treatments for ASPS has been reported. The gene encoding the c-Met receptor (*MET*) was recently identified as a target of the ASPL--TFE3 transcriptional factor, with upregulation of *MET* expression by TFE3 resulting in increased cell proliferation. This observation has led to the investigation of a new drug targeted against c-Met.^\[[@R6]\]^ In addition, because of the prominent vascularity of ASPS, the antiangiogenic agent cediranib has been investigated and found to have antitumor activity.^\[[@R7]\]^

Lingual ASPS is exceedingly rare and has been thought to be an independent subtype of ASPS, based on its characteristic features. The age for lingual ASPS is much younger than that for ASPS in other anatomical locations, and the lesions are associated with foci that present a solid 'non-alveolar' growth pattern.^\[[@R8]\]^ The multitargeted tyrosine kinase inhibitor pazopanib has been used in other types of ASPS but its efficacy in lingual ASPS has yet to be reported.^\[[@R9]\]^ In this study, we report the first case of lingual ASPS with demonstrated clinical response to pazopanib.

2. Case presentation
====================

A 23-year-old man presented in March 2016 with articulation disorder and a reporting swelling of the tongue since 2014. After gradual worsening of the symptoms, he consulted an otolaryngologist in May 2016. The patient had no significant past medical history, was a social drinker, and had smoked until the age of 23 years. There were no reported allergies and no family history of malignant tumors. Though computed tomography (CT) and magnetic resonance imaging (MRI) revealed a mass lesion in the tongue (Fig. [1](#F1){ref-type="fig"}A & B), scraping cytology and tissue biopsy failed to reach any diagnosis. He was referred to the Kyushu University Hospital (Fukuoka, Japan) for further investigation in late May.

![Computed tomography (A) and magnetic resonance imaging (B) revealed a mass lesion in the tongue. C, Fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT indicated a high-uptake mass lesion in the tongue.](medi-96-e8470-g001){#F1}

Fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT indicated a high-uptake mass lesion in the tongue (Fig. [1](#F1){ref-type="fig"}C), and lung nodular shadows that did not accompany FDG uptake. To confirm the diagnosis, incisional biopsy was performed in early June. Histological examination revealed proliferation of tumor cells having oval vesicular nuclei and abundant eosinophilic cytoplasm, arranged in alveolar or organoid pattern (Fig. [2](#F2){ref-type="fig"}A). Immunohistochemical staining showed that the atypical cells were positive for desmin and transcription factor E3, but negative for cytokeratin (CK) AE1/AE3, CAM5.2, synaptophysin and chromogranin A (Fig. [2](#F2){ref-type="fig"} B & C). The tumor-specific ASPL-TFE3 fusion gene was confirmed by reverse transcription polymerase chain reaction (RT-PCR) and sequencing, which led to the final diagnosis of lingual ASPS, T2bN0M2, Stage IIB, according to the 7th edition of the TNM Classification of Malignant Tumors.^\[[@R10]\]^

![A, Hematoxylin and eosin staining showing proliferation of tumor cells having oval vesicular nuclei and an abundant eosinophilic cytoplasm, arranged in an alveolar or organoid pattern. The tumor cells stained positive for (B) desmin, but negative for (C) cytokeratin (CK) AE1/AE3. D, Hematoxylin and eosin staining of lung metastasis showed alveolar growth with no solid pattern.](medi-96-e8470-g002){#F2}

Complete excision of the mass was carried out in June, but postoperative CT revealed swelling of the lung nodules and the patient was diagnosed with lung metastasis. Complete excision of the lung lesion was performed in August, with histological examination of the excised nodules showing alveolar growth with no solid pattern (Fig. [2](#F2){ref-type="fig"}D). Though the curative resection was completed macroscopically, the patient presented with a protruding mental region in late September, with multiple lung nodules again revealed by CT (Fig. [3](#F3){ref-type="fig"}A), resulting in a diagnosis of ASPS recurrence.

![A, Computed tomography revealed protruding mental region. B, Rapid growth of the tumor was observed after the treatment of doxorubicin and ifosfamide. Following administration of pazopanib, shrinkage of the mass was observed (C), but regrowth was confirmed at the fourth month (D).](medi-96-e8470-g003){#F3}

As progression was very rapid, which is atypical for ASPS, combination therapy of doxorubicin and ifosfamide was administered (doxorubicin at 30 mg/m^2^ on days 1 and 2; ifosfamide at 2 g/m^2^ on days 1--5), but the mass continued to grow rapidly which was confirmed by CT scan (Fig. [3](#F3){ref-type="fig"}B). The regimen was thus withheld after the first course, and second-line treatment was considered. Since pazopanib is approved by the Ministry of Health, Labor and Welfare in Japan against sarcoma but sunitinib and cediranib are not, pazopanib monotherapy (800 mg/day, per oral) was started in late October. The mental region shrunk promptly within 10 days, achieving a reduction ratio of about 20% in maximum diameter, and shrinkage of multiple lung nodules was also observed (Fig. [3](#F3){ref-type="fig"}C). As the tumor shrunk, the articulation disorder was significantly ameliorated. Pazopanib was well tolerated and the patient experienced no severe adverse events other than Grade 1 malaise, aspartate aminotransferase elevation (56 U/l) according to the Common Terminology Criteria for Adverse Events, version 4.0.^\[[@R11]\]^ The shrinkage of both the mental region and lung mass was maintained for longer than two months. However, a gradually protruding mass in the jaw was observed, and regrowth was confirmed at the 4th month by CT (Fig. [3](#F3){ref-type="fig"}D). At this point the patient was referred to another hospital to be enrolled on a clinical trial for a new anticancer agent. The patient provided a signed informed consent regarding the publication of the case details and associated images.

3. Discussion
=============

Lingual ASPS is well-known as a subset of head and neck ASPS, as it was reported in the original description of the disease, but it is exceedingly rare, and to date has been described mainly in case reports.^\[[@R8]\]^ It is observed in young patients and has focal prevalence of a solid 'nonalveolar' growth pattern, which is characteristic of the lingual subtype. In a retrospective study of lingual ASPS, in which the median age of presentation was 5 years, an alveolar growth pattern was usually seen in older patients, with the younger patients showing a solid pattern.^\[[@R8]\]^ Interestingly, a spectrum of solid growth pattern has been reported, from sheet-like to solid and organoid, which changes over time. The 23-year-old case described in the present study showed focal prevalence of a solid growth pattern consistent with these previous reports. The early diagnosis and small tumor size may explain the relatively good outcome of lingual ASPS, but it is not yet known whether histological differences in these cases have an impact on outcome.

As ASPS tumors appear to be hypervascular on angiography and CT scans, early biopsy is essential to differentiate it from arteriovenous malformation and angioma. FDG-PET/CT findings in ASPS have rarely been reported, but one study indicated that high FDG uptake may indeed be useful in distinguishing ASPS from angioma.^\[[@R12]\]^ In the current case, although high FDG uptake was seen in primary lesion, the small nodule in the lung, which was suspicious of metastasis, was negative for FDG uptake. CT is generally thought to be more sensitive than FDG-PET/CT in detecting lung metastasis of soft tissue sarcomas, and a significant portion of known pulmonary metastases greater than 1.0 cm on CT, are negative for FDG uptake.^\[[@R13]\]^ In the current case, as the possibility of false negative results from FDG-PET/CT could not be ruled out, the lung nodules were closely monitored by CT scans. These lung nodules were found to grow rapidly and eventually became unresectable.

It has been demonstrated that tumors with the chromosomal translocation der (17) t(X;17) (p11; q25) highly express TFE3. This protein is a member of the microphthalmia transcription factor (MITF) family and its overexpression is thought to be related to tumorigenesis.^\[[@R14]\]^ Although ASPS, clear cell sarcoma of soft tissue, and translocation-associated renal cell carcinoma are all defined as MITF-associated tumors, they are morphologically and clinically distinct, yet share certain clinical features such as a disproportionate incidence among younger individuals and a strong propensity to metastasize. MITF-associated tumors are typically refractory to current chemotherapy and new treatment alternatives, such as tivantinib, a selective inhibitor of MET, are now under investigation.^\[[@R6]\]^

In soft tissue sarcomas, monotherapy with anthracyclines has been reported to result in response rates of 18% to 25%,^\[[@R15]\]^ whereas combination regimens of anthracyclines and high-dose ifosfamide have been associated with response rates up to 52%.^\[[@R16]\]^ Although similar regimens have been examined in ASPS, the currently used chemotherapies must be ineffective given the tumor responses observed.^\[[@R17]\]^ Radical resection is therefore the therapy of choice in these cases, not only for localized disease, but also for metastatic disease. If curative resection is obtained, good prognosis can be expected, but the prognosis for patients with evidence of metastasis at the time of initial diagnosis is poor, with median survival time for this group reported to be around 40 months.^\[[@R5]\]^ In the current case, the initially identified lung metastases were completely resected, but both local and metastatic recurrence was subsequently observed, with these lesions proving unresectable. The 5-year recurrence-free survival rate for patients with local disease at diagnosis has been reported to be 84%,^\[[@R5]\]^ with median progression-free survival (PFS) of Stage IV patients who underwent chemotherapy being reported as 36 months.^\[[@R17]\]^ Such statistics are indicative of the indolent nature of ASPS, but the current case is distinct in this regard, as the clinical course was very aggressive. As the growth of the tumor was atypically rapid, we expected that cytotoxic chemotherapy may be effective and thus administered a combination regimen of doxorubicin and ifosfamide. Consistent with the findings of previous studies, cytotoxic chemotherapy was ineffective for ASPS.

Portera et al^\[5\]^ proposed that newly diagnosed patients with unresectable or metastatic ASPS should be enrolled in phase I and II chemotherapy trials in an attempt to identify novel active agents, and clinical efficacy of molecularly targeted treatments against ASPS has now been reported.^\[[@R7],[@R18]--[@R20]\]^ Because of the prominent vascularity of ASPS, anti-angiogenic agents were expected to be effective in this disease, and this has been shown to be true for bevacizumab.^\[[@R18]\]^ In addition, 2 recent preclinical investigations have highlighted the role of unregulated TFE3 expression resulting from the ASPL-TFE3 fusion event, which leads to activation of *MET* and its downstream signaling pathway, and which in turn represents a potential target for receptor tyrosine kinase inhibitors.^\[[@R19]\]^ In a clinical trial of the tyrosine kinase receptor inhibitor cediranib, administered to 46 ASPS patients, objective response rate was 35%.^\[[@R7]\]^ In other trial, Sunitinib malate was administered to fifteen ASPS patients, and the median PFS reached 19 months.^\[[@R20]\]^ Although these data are preliminary, the observations are promising and further investigation is needed in the future.

The small-molecule pazopanib is a multitargeted tyrosine kinase inhibitor, with activity against vascular endothelial growth factor receptor (VEGFR) 1, 2, and 3, and platelet-derived growth factor receptor (PDGFR).^\[[@R21]\]^ In the PALETTE trial, pazopanib achieved significantly longer PFS than placebo, with a median PFS of 4.6 months (95% CI 3.7--4.8) for pazopanib compared with 1.6 months (0.9--1.8) for placebo \[hazard ratio (HR) 0.31; 95% CI 0.24--0.40; *P* \< ·0001\], and the drug has thus become an important treatment option for metastatic soft tissue sarcoma.^\[[@R22]\]^ Pazopanib has also been reported to be effective in ASPS, with one study involving nine patients showing a mean treatment duration of 312 days.^\[[@R9]\]^ High levels of activated tyrosine kinase receptors such as PDGFR, EGFR, MET family members, and RET have been observed in ASPS.^\[[@R23]\]^ Though the precise mechanism remains unknown, we speculate that the observation may explain why pazopanib is effective in ASPS.

In summary, the current report is the first to show evidence of clinical efficacy of pazopanib in lingual ASPS, a distinct subset of the ASPS family. The findings suggest not only a possible therapeutic strategy for lingual ASPS, but also contribute to our understanding of the molecular mechanisms of tumorigenesis in this exceedingly rare disease.

Abbreviations: ASPS = alveolar soft part sarcoma, CK = cytokeratin, CT = computed tomography, FDG = fluorodeoxyglucose, MITF = microphthalmia transcription factor, MRI = magnetic resonance imaging, PDGFR = platelet-derived growth factor receptor, PET = positron emission tomography, PFS = progression-free survival, RT-PCR = reverse transcription polymerase chain reaction, VEGFR = vascular endothelial growth factor receptor.
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